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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a DC annplifier circuit to which an offset 
voltage automatic calibration circuit is added, by which an output offset voltage 
can be suppressed up to a level sufficiently smaller than an input offset voltage. 
SOLUTION: An Input voltage Vin is applied to a noninverting input terminal of a 
main operational amplifier A and a calibration voltage Vs stored in a capacitor lb 



(51)lnt.CI. 



is applied to an inverting input ternninal of the nnain output signal A to decide an 
output voltage Vout in a usual nnode. In a calibration nnode, a ground voltage is 
applied to the noninverting input terminal of the main operational amplifier A and 
an output voltage Vout at that time is applied to a noninverting input terminal of a 
calibration operational amplifier C whose own calibration is finished. A feedback 
loop around the main operational amplifier A is formed for a proper time by giving 
an output voltage Vc of the calibration output signal C to a capacitance type 
calibration voltage latch circuit B connected to the inverting input terminal of the 
main operational amplifier A so as to update the calibration voltage Vs. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Invention specified by following matter (1) - (5). 

(1) It is the direct-current amplifying circuit which has the description to the 
calibration method of offset voltage. 

(2) The output voltage of a calibration electrical-potential-difference holding 
circuit is impressed to one input edge of the Maine operational amplifier. The 
input of a calibration electrical-potential-difference holding circuit is connected to 
the outgoing end of the operational amplifier for a calibration. 

(3) In normal operation mode, while the input voltage which is an object for 
magnification is impressed to the input edge of another side of the Maine 
operational amplifier, the output voltage of the Maine operational amplifier is 
handed over by the application system as a magnification result. 

(4) Perform self calibrating processing about the operational amplifier for a 
calibration in the 1st process in calibration mode. While impressing the fixed 
electrical potential difference for a calibration to one input edge of the operational 
amplifier for a calibration, only a period forms suitably the feedback loop which 
impresses the electrical potential difference accumulated in electric capacity 
about the output voltage at that time to the input edge of another side, and the 
condition of impressing the are recording electrical potential difference of a stable 
state to the input edge of another side is maintained. 

(5) Perform self calibrating processing about the Maine operational amplifier in 



the 2nd process in calibration nnode. While innpressing the fixed electrical 
potential difference for a calibration to one input edge of the Maine operational 
annplifier, the output voltage at that tinne is innpressed to one input edge of the 
operational annplifier [ finishing / said self calibrating ] for a calibration. Only a 
period forms the feedback loop involving the Maine operational annplifier suitably 
in inputting into the calibration electrical-potential-difference holding circuit where 
the output voltage of the operational annplifier for a calibration was connected to 
the input edge of another side of the Maine operational amplifier, and the output 
voltage of a calibration electrical-potential-difference holding circuit is updated. 
[Claim 2] Invention specified by following matter (21) - (27). 

(21) It is the direct-current amplifying circuit which has the description to the 
calibration method of offset voltage. 

(22) The input voltage which is an object for magnification, and the fixed 
electrical potential difference for a calibration are selectively impressed to one 
input edge of the Maine operational amplifier through the circuit changing switch 
circuit SW1. The output voltage of the Maine operational amplifier is handed over 
by the application system as a magnification result. 

(23) The output voltage of the Maine operational amplifier and the fixed electrical 
potential difference for a calibration are selectively impressed to one input edge 
of the operational amplifier for a calibration through the circuit changing switch 
circuit SW2. The output voltage of the operational amplifier for a calibration 
serves as a capacitor 1d input through 2d of switching circuits, and the electrical 
potential difference held at this capacitor Id is impressed to the input of another 
side of the operational amplifier for a calibration. 

(24) The output voltage of the operational amplifier for a calibration serves as an 
input of a calibration electrical-potential-difference holding circuit, and the 
calibration electrical potential difference outputted from this calibration electrical- 
potential-difference holding circuit is impressed to the input of another side of the 
Maine operational amplifier. 

(25) In the 1st process in calibration mode, while impressing a fixed electrical 



potential difference to tlie input edge of the operational annplifier for a calibration 
through the circuit changing switch circuit SW2, turn ON 2d of switching circuits. 
After a capacitor 1d electrical potential difference is stabilized, 2d of switching 
circuits is turned OFF. 

(26) In the 2nd process in calibration nnode, while innpressing a fixed electrical 
potential difference to the input edge of the Maine operational annplifier through 
the circuit changing switch circuit SW1, innpress the output voltage of the Maine 
operational annplifier to the input of the operational amplifier for a calibration 
through the circuit changing switch circuit SW2. At this time, predetermined 
actuation is stabilized in a calibration electrical-potential-difference holding circuit 
by a line crack and the calibration electrical potential difference suitably outputted 
from this calibration electrical-potential-difference holding circuit after period 
progress. 

(27) In the normal operation mode after calibration activation, after switching 
circuit 2b is cut, impress input voltage to the input edge of the Maine operational 
amplifier through the circuit changing switch circuit SW1. 

[Claim 3] Invention specified by following matter (31) - (36). 

(31) It is the direct-current amplifying circuit which has the description to the 
calibration method of offset voltage. 

(32) There are n input terminals, n output terminals, and a Maine operational 
amplifier of an individual (n+1 ). The output voltage of the calibration electrical- 
potential-difference holding circuit prepared according to the individual, 
respectively is impressed to one input edge of each Maine operational amplifier. 
Common connection of the input of each calibration electrical-potential-difference 
holding circuit is made at the outgoing end of the operational amplifier for a 
calibration, n is one or more integers. 

(33) Perform self calibrating processing to timely about the operational amplifier 
for a calibration. In self calibrating processing, while impressing a fixed electrical 
potential difference to one input edge of the operational amplifier for a calibration, 
only a period forms suitably the feedback loop which impresses the electrical 



potential difference accunnulated in electric capacity about the output voltage at 
that tinne to the input edge of another side, and the condition of innpressing the 
nnaintenance electrical potential difference of a stable state to the input edge of 
another side is nnaintained. 

(34) While connecting n input ternninals to the input edge of another side of n 
Maine operational annplifiers according to an individual, connect n output 
ternninals to the outgoing end of these n Maine operational annplifiers according 

to an individual, respectively. 

(35) The fixed electrical potential difference for a calibration is impressed to the 
input edge of another side of rennaining one Maine operational amplifier, impress 
the output voltage of this Maine operational amplifier to one input edge of the 
operational amplifier [ finishing / said self calibrating ] for a calibration, and only a 
period forms the feedback loop involving the Maine operational amplifier suitably 
in inputting the output voltage of the operational amplifier for a calibration into the 
calibration electrical-potential-difference holding circuit corresponding to the 
Maine operational amplifier, and update the output voltage of a calibration 
electrical-potential-difference holding circuit. 

(36) (n+1) One piece is specified as "remaining one Maine operational amplifier" 
in an order from the inside of the Maine operational amplifier of an individual, and 
the aforementioned actuation is repeated. 

[Claim 4] It is a direct-current amplifying circuit according to claim 1 to 3, and said 
calibration electrical-potential-difference holding circuit is a circuit which 
introduces the output voltage of said operational amplifier for a calibration into 
electric capacity through a switching circuit, and gives the maintenance electrical 
potential difference to said Maine operational amplifier. 

[Claim 5] It is a direct-current amplifying circuit according to claim 1 to 3, and said 
calibration electrical-potential-difference holding circuit consists of DA translation 
circuits which change into analog voltage the digital output of the counter which 
counts [ rise-] or operates [ down-count-] according to the polarity of the output 
voltage of said operational amplifier for a calibration, and this counter, and are 



given to said IVIaine operational amplifier. 

[Clainn 6] It is a direct-current amplifying circuit according to claim 1 to 3, and said 
calibration electrical-potential-difference holding circuit consists of DA translation 
circuits which change into analog voltage the digital output of the successive 
approximations register which carries out renewal of sequential of each digit of 
the digital value currently stored according to the polarity of the output voltage of 
said operational amplifier for a calibration, and this successive approximations 
register, and are given to said Maine operational amplifier. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit technique which 
proofreads the offset voltage by a temperature drift etc. automatically especially 
about the direct-current amplifying circuit included in analog circuit systems, such 
as various kinds of sensor circuits, actuation circuits, etc. 
[0002] 

[Description of the Prior Art] For example, in the electronic control system of an 



automobile, the circuit system wliich amplifies the analog output of various 
sensors, the circuit system which amplifies the analog output from a servo control 
system etc., and drives an actuator etc. are contained. The direct-current 
amplifying circuit using the big operational amplifier of gain is often used for 
these analog circuit systems. The important thing in such a concrete application 
scene is maintaining high degree of accuracy so that the input-output behavioral 
characteristics of a direct-current amplifying circuit may always satisfy 
requirement specification. In the case of a direct-current amplifying circuit, it is 
offset voltage that advanced stability is especially required. That is, when input 
voltage is zero, it is bringing output voltage close to zero infinite. 
[0003] When maintaining the precision of a direct-current amplifying circuit, 
fluctuation of an environmental condition serves as a serious failure. Especially a 
decisive thing is change of a temperature environment. The offset voltage of a 
common operational amplifier will change with temperature drifts a lot fairly. 
Therefore, it will be used, compensating timely for this temperature drift by a 
certain approach. 

[0004] According to such an object, the direct-current amplifying circuit which 
added the circuit which proofreads offset voltage automatically is developed. The 
circuit is shown in drawing 1 conventionally [ the / typical ]. Input voltage Vin It is 
impressed by + input terminal of an operational amplifier A through the circuit 
changing switch circuit SW1. The calibration electrical potential difference Vs 
held at capacitor 1b is impressed to - input terminal of an operational amplifier A. 
the electrical potential difference of these two inputs ~ difference amplifies ~ 
having ~ output voltage Vout It is decided. This is in normal operation mode. In 
addition, in this mode, switching circuit 2b is off. 

[0005] The actuation which updates as follows the calibration electrical potential 
difference Vs held at capacitor 1b is in calibration mode. While changing the 
circuit changing switch circuit SW1 and impressing a fixed touch-down electrical 
potential difference (zero bolt) to + input terminal of an operational amplifier A, 
switching circuit 2b is turned ON, and it is the output voltage Vout at that time. It 



is impressed by capacitor 1b tlnrough resistance 3b. Tliat is, tlie capacitor type 
calibration electrical-potential-difference holding circuit B which consists of 
capacitor 1b, resistance 3b, and switching circuit 2b is minded, and it is output 
voltage Vout. Negative feedback will be carried out to - input terminal. By 
carrying out period continuation of this condition suitably, it is output voltage Vout. 
The calibration electrical potential difference Vs made into min is decided 
automatically. 
[0006] 

[Problem(s) to be Solved by the Invention] In an example with the electronic 
control system of an industrial device, it is required in a -40 degrees C - 100 
degrees C temperature requirement that the output offset voltage of a direct- 
current amplifying circuit 1000 times the gain of this should be stored in less than 
1 millivolt. It is almost next to impossible to fill this demand with the conventional 
circuit technique shown in drawing 1 . Although output offset voltage can be 
reduced even on the almost same level as input offset voltage by the method 
which generates the calibration electrical potential difference Vs by simple 
negative feedback like drawing 1 , more than it is theoretically impossible. 
[0007] This invention was made in view of the conventional trouble mentioned 
above, and that object is in offering the direct-current amplifying circuit which 
added the automatic calibration circuit of the offset voltage which enabled it to 
control output offset voltage to level substantially smaller than input offset voltage. 
[0008] 

[Means for Solving the Problem] = It is the direct-current amplifying circuit which 
has the description to the calibration method of the invention === (1) offset 
voltage of == claim 1. 

(2) The output voltage of a calibration electrical-potential-difference holding 
circuit is impressed to one input edge of the Maine operational amplifier. The 
input of a calibration electrical-potential-difference holding circuit is connected to 
the outgoing end of the operational amplifier for a calibration. 

(3) In normal operation mode, while the input voltage which is an object for 



magnification is innpressed to tlie input edge of anotlier side of tlie IVIaine 
operational annplifier, tlie output voltage of the Maine operational annplifier is 
handed over by the application systenn as a magnification result. 

(4) Perform self calibrating processing about the operational amplifier for a 
calibration in the 1st process in calibration mode. While impressing the fixed 
electrical potential difference for a calibration to one input edge of the operational 
amplifier for a calibration, only a period forms suitably the feedback loop which 
impresses the electrical potential difference accumulated in electric capacity 
about the output voltage at that time to the input edge of another side, and the 
condition of impressing the are recording electrical potential difference of a stable 
state to the input edge of another side is maintained. 

(5) Perform self calibrating processing about the Maine operational amplifier in 
the 2nd process in calibration mode. While impressing the fixed electrical 
potential difference for a calibration to one input edge of the Maine operational 
amplifier, the output voltage at that time is impressed to one input edge of the 
operational amplifier [ finishing / said self calibrating ] for a calibration. Only a 
period forms the feedback loop involving the Maine operational amplifier suitably 
in inputting into the calibration electrical-potential-difference holding circuit where 
the output voltage of the operational amplifier for a calibration was connected to 
the input edge of another side of the Maine operational amplifier, and the output 
voltage of a calibration electrical-potential-difference holding circuit is updated. 
[0009] = It is the direct-current amplifying circuit which has the description to the 
calibration method of the invention === (21) offset voltage of == claim 2. 

(22) The input voltage which is an object for magnification, and the fixed 
electrical potential difference for a calibration are selectively impressed to one 
input edge of the Maine operational amplifier through the circuit changing switch 
circuit SW1. The output voltage of the Maine operational amplifier is handed over 
by the application system as a magnification result. 

(23) The output voltage of the Maine operational amplifier and the fixed electrical 
potential difference for a calibration are selectively impressed to one input edge 



of the operational amplifier for a calibration through the circuit changing switch 
circuit SW2. The output voltage of the operational annplifier for a calibration 
serves as a capacitor 1d input through 2d of switching circuits, and the electrical 
potential difference held at this capacitor 1d is innpressed to the input of another 
side of the operational annplifier for a calibration. 

(24) The output voltage of the operational annplifier for a calibration serves as an 
input of a calibration electrical-potential-difference holding circuit, and the 
calibration electrical potential difference outputted from this calibration electrical- 
potential-difference holding circuit is impressed to the input of another side of the 
Maine operational amplifier. 

(25) In the 1st process in calibration mode, while impressing a fixed electrical 
potential difference to the input edge of the operational amplifier for a calibration 
through the circuit changing switch circuit SW2, turn ON 2d of switching circuits. 
After a capacitor 1d electrical potential difference is stabilized, 2d of switching 

circuits is turned OFF. 

(26) In the 2nd process in calibration mode, while impressing a fixed electrical 
potential difference to the input edge of the Maine operational amplifier through 
the circuit changing switch circuit SW1, impress the output voltage of the Maine 
operational amplifier to the input of the operational amplifier for a calibration 

through the circuit changing switch circuit SW2. At this time, predetermined 
actuation is stabilized in a calibration electrical-potential-difference holding circuit 
by a line crack and the calibration electrical potential difference suitably outputted 
from this calibration electrical-potential-difference holding circuit after period 
progress. 

(27) In the normal operation mode after calibration activation, after switching 
circuit 2b is cut, impress input voltage to the input edge of the Maine operational 
amplifier through the circuit changing switch circuit SW1 . 

[0010] = It is the direct-current amplifying circuit which has the description to the 
calibration method of the invention === (31) offset voltage of == claim 3. 
(32) There are n input terminals, n output terminals, and a Maine operational 



amplifier of an individual (n+1). The output voltage of the calibration electrical- 
potential-difference holding circuit prepared according to the individual, 
respectively is innpressed to one input edge of each Maine operational annplifier. 
Common connection of the input of each calibration electrical-potential-difference 
holding circuit is made at the outgoing end of the operational amplifier for a 
calibration, n is one or more integers. 

(33) Perform self calibrating processing to timely about the operational amplifier 
for a calibration. In self calibrating processing, while impressing a fixed electrical 
potential difference to one input edge of the operational amplifier for a calibration, 
only a period forms suitably the feedback loop which impresses the electrical 
potential difference accumulated in electric capacity about the output voltage at 
that time to the input edge of another side, and the condition of impressing the 
maintenance electrical potential difference of a stable state to the input edge of 
another side is maintained. 

(34) While connecting n input terminals to the input edge of another side of n 
Maine operational amplifiers according to an individual, connect n output 
terminals to the outgoing end of these n Maine operational amplifiers according 
to an individual, respectively. 

(35) The fixed electrical potential difference for a calibration is impressed to the 
input edge of another side of remaining one Maine operational amplifier, impress 
the output voltage of this Maine operational amplifier to one input edge of the 
operational amplifier [ finishing / said self calibrating ] for a calibration, and only a 
period forms the feedback loop involving the Maine operational amplifier suitably 
in inputting the output voltage of the operational amplifier for a calibration into the 
calibration electrical-potential-difference holding circuit corresponding to the 
Maine operational amplifier, and update the output voltage of a calibration 
electrical-potential-difference holding circuit. 

(36) (n+1) One piece is specified as "remaining one Maine operational amplifier" 
in an order from the inside of the Maine operational amplifier of an individual, and 
the aforementioned actuation is repeated. 



[0011] = Invention == of == clainn 4 = it is a direct-current annplifying circuit 
according to clainn 1 to 3, and said calibration electrical-potential-difference 
holding circuit is a circuit which introduces the output voltage of said operational 
amplifier for a calibration into electric capacity through a switching circuit, and 
gives the maintenance electrical potential difference to said Maine operational 
amplifier. 

[0012] = Invention == of == claim 5 = it is a direct-current amplifying circuit 
according to claim 1 to 3, and said calibration electrical-potential-difference 
holding circuit consists of DA translation circuits which change into analog 
voltage the digital output of the counter which counts [ rise-] or operates [ down- 
count-] according to the polarity of the output voltage of said operational amplifier 
for a calibration, and this counter, and are given to said Maine operational 
amplifier. 

[0013] = Invention == of == claim 6 = it is a direct-current amplifying circuit 
according to claim 1 to 3, and said calibration electrical-potential-difference 
holding circuit consists of DA translation circuits which change Into analog 
voltage the digital output of the successive approximations register which carries 
out renewal of sequential of each digit of the digital value currently stored 
according to the polarity of the output voltage of said operational amplifier for a 
calibration, and this successive approximations register, and are given to said 
Maine operational amplifier. 
[0014] 

[Embodiment of the Invention] The configuration of the direct-current amplifying 
circuit which has the description is shown in the calibration method of the offset 
voltage by one example of invention of ****** of <example 1> (1) circuitry at 
drawing 2 . Output voltage Vout from the Maine operational amplifier A set as the 
object of an offset voltage calibration in this circuit The calibration electrical 
potential difference Vs is generated by carrying out negative feedback through 
the operational amplifier C for a calibration. The place which formed the 
operational amplifier C for a calibration in the negative feedback way is a 



characteristic place of tliis invention, and it is a point different conventionally this 
was generating the calibration electrical potential difference Vs by sinnple 
negative feedback fronn a circuit. Therefore, explanation of the part of the 
conventionally sanne configuration as a circuit is onnitted, and explains only the 
configuration of said operational annplifier C for a calibration. 
[0015] Said operational annplifier C for a calibration has conne to be able to do 
self calibrating of offset voltage. That is, the circuit changing switch circuit SW2 is 
+ nninded [ of the operational amplifier C for a calibration ], and it is the output 
voltage Vout of the Maine operational amplifier A. A touch-down electrical 
potential difference is impressed selectively, and negative feedback of the output 
voltage Vc of this operational amplifier C for a calibration is carried out to - input 
terminal of the operational amplifier C for a calibration through the capacitor type 
calibration electrical-potential-difference holding circuit D. In addition, the 
capacitor type calibration electrical-potential-difference holding circuit D consists 
of capacitor 1d, 3d of resistance, and 2d of switching circuits. 
[0016] (2) While input voltage Vin is impressed to + input terminal of the normal 
operation mode main operational amplifier A, the calibration electrical potential 
difference Vs held at capacitor lb of the capacitor type calibration electrical- 
potential-difference holding circuit B is impressed to - input terminal, the electrical 
potential difference of these two inputs ~ difference amplifies ~ having ~ output 
voltage Vout It is decided and this is handed over by the application system. In 
addition, in this mode, switching circuit 2b is off. 

[0017] (3) The offset voltage calibration of the operational amplifier C for the 1st 
process calibration in calibration mode is performed timely in the following way. 
While changing a circuit changing switch SW2 and impressing a fixed touch- 
down electrical potential difference to + input terminal, 2d of switching circuits is 
turned ON, and the output voltage Vc of the operational amplifier C for a 
calibration is impressed to capacitor 1d through 3d of resistance. That is, 
negative feedback of the output voltage Vc of the operational amplifier C for a 
calibration will be carried out to - input terminal through the capacitor type 



calibration electrical-potential-difference holding circuit D. Calibration electrical 
potential difference Vsc which makes output voltage Vc nnin by carrying out 
period continuation of this condition suitably It is decided autonnatically. At this 
time, since the gain of the operational amplifier C for a calibration is large enough, 
output offset voltage is reduced by the almost same level as input offset voltage. 
[0018] (4) After the 1st process in the 2nd process aforementioned calibration 
mode in calibration mode is completed, perform the offset calibration of the 
Maine operational amplifier A. While changing a circuit changing switch SW1 and 
impressing a fixed touch-down electrical potential difference to + input terminal of 
the Maine operational amplifier A, switching circuit 2b is turned ON and the 
output voltage Vc of said operational amplifier C for a calibration is impressed to 
capacitor lb through resistance 3b. That is, negative feedback of the output 
voltage Vc of the operational amplifier C for a calibration will be carried out to - 
input terminal of the Maine operational amplifier A through the capacitor type 
calibration electrical-potential-difference holding circuit B. The calibration 
electrical potential difference Vs which makes min output voltage Vout of the 
Maine operational amplifier A is automatically decided by carrying out period 
continuation of this condition suitably. 

[0019] Since the gain of the Maine operational amplifier A is large enough at this 
time, the output offset voltage of the Maine operational amplifier A is reduced by 
level still lower than the output offset voltage of said calibration operational 
amplifier C. For example, when both gain of the Maine operational amplifier A 
and the operational amplifier C for a calibration is made into 100 times and each 
input offset voltage before performing an offset voltage calibration is set to Via 
and Vic, the output offset voltage Vo of the Maine operational amplifier A is 
Vo=0.01x(Via-Vic). 

It becomes. Therefore, the output offset voltage Vo of the Maine operational 
amplifier A is substantially reduced compared with the conventional circuit 
technique. 

[0020] In the <example 2> example 1, the capacitor type calibration electrical- 



potential-difference liolding circuit B is adopted as a circuit wliicli generates tlie 
calibration electrical potential difference Vs innpressed to - input ternninal of the 
Maine operational annplifier A. When the advantage [ holding circuit / B / this / 
capacitor type calibration electrical-potential-difrerence ] that circuitry is easy 
turned on and off switching circuit 2b of a certain thing, the sudden noise nnay 
have entered and the calibration electrical potential difference Vs nnay have been 
out of order. In order to avoid this problem, in this example, the counter type 
calibration electrical-potential-difference holding circuit E is used instead of said 
capacitor type calibration electrical-potential-difference holding circuit B. The 
configuration of the direct-current amplifying circuit which performs the automatic 
calibration using this counter type calibration electrical-potential-difference 
holding circuit E of offset voltage is shown in drawing 3 . 
[0021] The counter type calibration electrical-potential-difference holding circuits 
E are the following circuitry. There are updown counter 2e which has an input 
terminal according to individual, respectively about the output voltage Vc of the 
operational amplifier C for a calibration and the output signal of clock generation 
circuit 1e, and digital analog converter (following, DAC) 3e for changing the 
digital signal from this updown counter 2e into an analog signal, and impressing 
that output voltage Vs to - input terminal of the Maine operational amplifier A. 
[0022] When operating this circuit, only the 2nd process in calibration mode 
differs from an example 1. Therefore, only the 2nd process in calibration mode is 
explained below and the explanation about other actuation is omitted. In the 2nd 
process in calibration mode, while a fixed touch-down electrical potential 
difference is impressed to + input terminal of the Maine operational amplifier A, 
the output voltage Vc from the operational amplifier [ finishing / a calibration ] C 
for a calibration is inputted into updown counter 2e. While the synchronizing 
signal from clock generation circuit 1e is inputted into this updown counter 2e, if 
Vc is forward potential, a rise count will be carried out, and a down count will be 
carried out if Vc is negative potential. By carrying out period continuation of this 
condition suitably, the digital value outputted from updown counter 2e is 



stabilized. If tlie synchronizing signal outputted fronn clock generation circuit 1e 
here is turned OFF, the digital value of the stable state will be held by updown 
counter 2e. This held digital value is changed into an analog signal, serves as the 
calibration electrical potential difference Vs, and is impressed to - input terminal 
of the Maine operational amplifier A by DAC3e. 

[0023] In this example, since the calibration electrical potential difference Vs is 
generated by digital processing, it is held, without changing until it will reset, once 
it sets up. Therefore, it is dramatically effective when the calibration period of 
offset voltage becomes long. 

[0024] A circuit as transposed the counter type calibration electrical-potential- 
difference holding circuit E of the <example 3> example 2 to the successive 
approximations register type calibration electrical-potential-difference holding 
circuit F and shown in drawing 4 is constituted. The same effectiveness as an 
example 2 can be acquired also in this circuit. This successive approximations 
register type calibration electrical-potential-difference holding circuit F transposes 
updown counter 2e which constitutes the counter type calibration electrical- 
potential-difference holding circuit E to successive approximations register 2f, 
and is constituted, and the other configurations of it are the same as that of the 
counter type calibration electrical-potential-difference holding circuit E. In addition, 
it has [ this successive approximations register 2f as well as updown counter 2e ] 
an input terminal according to individual, respectively about the output signal of 
the output voltage Vc of the operational amplifier C for a calibration, and 1f of 
clock generation circuits. 

[0025] The 2nd process in calibration mode which is different from an example 2 
when operating this circuit is explained. The output voltage Vc from the 
operational amplifier [ finishing / a calibration ] C for a calibration is inputted into 
successive approximations register 2f. While the synchronizing signal from 1f of 
clock generation circuits is inputted into this successive approximations register 
2f, the comparison with the D/A value of digital value and Vc which are stored 
beforehand is performed. The maximum digit of digital value is changed so that it 



may bring close to the value of Vc first. When a D/A value and the size relation of 
Vc do not change here, the nnaximum digit is set to the value, and when it 
changes, it resets. Such actuation is repeated by the digit count toward a snnall 
digit, and digital value is determined. This actuation is continued and performed 
while the synchronizing signal is outputted from 1f of said clock generation 
circuits. Since it is the same as that of the example 2 mentioned above, the 
actuation after this is omitted. 

[0026] Although normal operation mode was not able to be made to continue 
continuously in the circuitry of the <example 4> example 1 thru/or an example 3, 
an offset voltage calibration can be performed without interrupting normal 
operation mode, if two Maine operational amplifiers A are used like the following 
examples. The example of a circuit is shown in drawing 5 . Common connection 
of - input terminal of one Maine operational amplifier A1 and the - input terminal 
of the Maine operational amplifier AO of another side is made at the output 
terminal of the operational amplifier C for a calibration through the calibration 
electrical-potential-difference holding circuits VG1 and VGO according to 
individual, respectively. In addition, said calibration electrical-potential-difference 
holding circuits VG1 and VGO generate the calibration electrical potential 
differences Vs1 and VsO, respectively. That is, the calibration electrical-potential- 
difference holding circuits VG1 and VGO are equivalent to the capacitor type 
calibration electrical-potential-difference holding circuit B of an example 1, the 
counter type calibration electrical-potential-difference holding circuit E of an 
example 2, and the successive approximations register type calibration electrical- 
potential-difference holding circuit F of an example 3, respectively. 
[0027] Since it has the description in the structure of a change, this circuit 
explains that configuration. It is input voltage Vin to + input terminal of the Maine 
operational amplifier A1 by changing the circuit changing switch circuit SW1 . A 
touch-down electrical potential difference can be selectively impressed now. 
Moreover, the output voltage of the Maine operational amplifier A1 can be 
selectively impressed now to + input terminal or the application system of the 



operational amplifier B for a calibration by changing the circuit changing switch 
circuit SW4. About the Maine operational annplifier AO, an input changes by the 
circuit changing switch circuit SW3, and an output changes by the circuit 
changing switch circuit SW5, respectively. 

[0028] Actuation of this circuit is explained to the next. During activation of an 
offset voltage calibration of one Maine operational annplifier A1, while changing 
the circuit changing switch circuit SW1 and innpressing a touch-down electrical 
potential difference to + input terminal of the Maine operational amplifier A1, the 
circuit changing switch circuit SW3 is changed, and it is input voltage Vin to + 
input terminal of the Maine operational amplifier AO of another side. It impresses. 
Moreover, the circuit changing switch circuit SW4 is changed, and it is the output 
voltage Vout of one Maine operational amplifier A1. While being impressed by + 
input terminal of the operational amplifier C for a calibration, the circuit changing 
switch circuit SW5 is changed, and it is the output voltage Vout of the Maine 
operational amplifier AO of another side. It hands over in an application system. 
[0029] After the offset voltage calibration of the Maine operational amplifier A1 is 
completed, the offset voltage calibration of the Maine operational amplifier AO of 
another side is performed at the same time it changes said four circuit changing 
switch circuits, respectively and returns the Maine operational amplifier A1 to 
normal operation mode. 

[0030] As explained above, in this example, the Maine operational amplifier A of 
another side carries out an offset voltage calibration, using one Maine 
operational amplifier A, and a magnification signal can be continuously outputted 
by performing this by turns. Therefore, even when using it over the case where 
an environment changes substantially, or a long period of time, a high precision 
can be maintained by performing an offset voltage calibration frequently. 
[0031] <Example 5> The outline of the circuit at the time of applying this 
invention to a multi-channel direct-current amplifying circuit is shown in drawing 
6 . There are n input terminals, n output terminals, and a Maine operational 
amplifier A (AO, A1-An) of an individual (n+1). n is one or more integers here. The 



output voltage Vs (Vs [0 ], Vs1 -Vsn) of the calibration electrical-potential- 
difference holding circuit VG (VGO, VG1-VGn) prepared according to the 
individual, respectively is innpressed to - input ternninal of each Maine operational 
amplifier A. It can be selectively impressed now by + input terminal of n Maine 
operational amplifiers A (A1-An) by the input voltage Vin (Vin [1 ] - Vinn) and the 
touch-down electrical potential difference corresponding to it, and they are a 
touch-down electrical potential difference and the input voltage Vin of all n 
channels in + input terminal of remaining one Maine operational amplifier AO. It 
can impress now selectively. Moreover, the output voltage Vout of said n Maine 
operational amplifiers A (Vout1 - Voutn) can be selectively impressed now to + 
input terminal of the operational amplifier C for a calibration, and a corresponding 
output terminal, and can impress now selectively the output voltage of remaining 
one Maine operational amplifier AO to them at + input terminal of the operational 
amplifier C for a calibration, and all n output terminals. 

[0032] In this circuit, one is specified out of n Maine operational amplifiers A, and 
calibration processing about that Maine operational amplifier A is performed. A 
magnification signal can be continuously supplied by making the "remaining one 
Maine operational amplifier AO" mentioned above at this time execute normal 
operation of the Maine operational amplifier A under calibration by proxy. If 
calibration processing is completed, said actuation will be repeated about the 
following Maine operational amplifier A. 

[0033] Thus, also when there are two or more Maine operational amplifiers A set 
as the object of an offset calibration, it can respond with one operational amplifier 
C for a calibration. Therefore, it is possible to control buildup of circuit magnitude 
also in the analog LSI which builds in many amplifier at once to the minimum. 

[0034] 

[Effect of the Invention] According to this invention, the direct-current amplifying 
circuit which enabled it to control output offset voltage to level substantially 
smaller than input offset voltage can be offered. For this reason, a severe 
condition to which the width efface of an operating temperature limit exceeds 



100 degrees C is also easily clearable. In addition, if the calibration electrical- 
potential-difference holding circuit which consists of an updown counter (or 
successive approxinnations register) and a digital analog converter is used 
instead of the capacitor for electrical-potential-difference maintenance usually 
used as a calibration electrical-potential-difference holding circuit, a calibration 
electrical potential difference is nnaintainable to stability over long duration. 
[0035] Moreover, when the circuit which uses two operational amplifiers by turns 
is constituted, a magnification signal can be outputted continuously, performing 
an offset voltage calibration. Therefore, even when using it over the case where 
an environment changes substantially, or a long period of time, a high precision 
can be maintained by performing an offset voltage calibration frequently. 
[0036] Furthermore, since it can respond only in 1 set of calibration circuits also 
when there is two or more Maine amplifier set as the object of an offset 
calibration, it is possible to control buildup of circuit magnitude also in the analog 
LSI which builds in many amplifier at once to the minimum. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of tlie Drawings] 

[Drawing 1] It is a circuit diagrann for explaining tlie calibration nnethod of the 
conventional offset voltage. 

[Drawing 2] It is the circuit diagram of the direct-current amplifying circuit which 
has the description to the calibration method of the offset voltage about the 
example 1 of this invention. 

[Drawing 3] It is the circuit diagram of the direct-current amplifying circuit which 
has the description to the calibration method of the offset voltage about the 
example 2 of this invention. 

[Drawing 4] It is the circuit diagram of the direct-current amplifying circuit which 
has the description to the calibration method of the offset voltage about the 
example 3 of this invention. 

[Drawing 5] It is the circuit diagram of the direct-current amplifying circuit which 
has the description to the calibration method of the offset voltage about the 
example 4 of this invention. 

[Drawing 6] It is the circuit diagram of the direct-current amplifying circuit which 
has the description to the calibration method of the offset voltage about the 
example 5 of this invention. 
[Description of Notations] 

A Maine operational amplifier 

B Capacitor type calibration electrical-potential-difference holding circuit 

1b Capacitor 

2b Switching circuit 

3b Resistance 

C The operational amplifier for a calibration 

D Capacitor type calibration electrical-potential-difference holding circuit 

1d Capacitor 

2d Switching circuit 

3d Resistance 

E Counter type calibration electrical-potential-difference holding circuit 



F Successive approximations register type calibration electrical-potential- 
difference liolding circuit 
SW1-SW5 Circuit clnanging switcli circuit 
VG Calibration electrical-potential-difference holding circuit 
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-yX<h to {.iigiE^: -Y(r)m2 r u t X oyh xh h -. J; 
-> X YX l^'lxiH ^-Y(JM27\-i-\iy^oyMz--j\ >t Itii if? 

tI^AO+A:'3S^tEPJp§ix>g.fctit. «ciESOfS 
iEfflM»tifM§ic*^/i,t7),Hiijisi±v c rr^y?!? 
'^y^ 2 e [zjMiiX t i'!> -. .Lo^r-yy-f^yfi^y 

^ 2 e n ^n^niifi 1 e fi-^jc^mmmmfixm^ 

hX\^hW[. ^ ciMMm:i:>\tT -yy-fj-^yVL. V 

wmmmfh z h x\ r y rf-o yt]-^y9 2efj-^^ 

m &-h^^^-y}^Kmmit^^^y^z't^b^(^)^'^ 
^^<r)^iyd^}m¥T vr^-^yft-^y-^ 2 e t j: -^t 

ffilf §ixS « Zcn^m'^fltz^'J^JVmtXi AC 3 e 

y'mmmAoy-x-y}-m[zm^^fih . 

[00 23 ] :L<y)mm\X\i.r'J'?JVmMzi:. 
J±V s ^%>^^hfzm . -SfSS t T t i i H'SISJeS 

fmn^oixiEjf fii*^^ < ts:hiv^m\-n^z-^W)Xh i> „ 

[0024] <mm\ 3 >^»J 2 ^ y ^5ti^iE€ 

\,zwt4%txmA{zi^^xoti:n^^mmh. 

li&T-C;SlffeM2 fc ^StOf)*^#l> ^ fc !> „ ^tO 
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^coimmmi:^^ymm^mi±immBEt^tT 

hh. ti:ii^<^yMKmXV'JX9 2fhT-/r¥'0yf} 

^y9 2 ebnmiz. mmm%Mm^c<D^:hmm 

[0 0 2 5] ^(nmmmi'^^^h^xmm\2tmtz 

mx)y'j^^2f{zx-f]^fixv^h. ^ff:>md:mxv-J 
x92f^z9viy9mLmi%ift^^ff^ nm\mifix-f] 

^flX\-^tm. f^X\-T^KX\^l^'r'J9Mm^/ 

Affl t V c h <7}immihix !> „ ^ -f V c ioff (cifi-^'st 
!> i a ^ZT'j^)v\mm±m^m\L^^h. ^^xi\/ 

^j:W!^ifi'h^ \ mzm^-yxmm^tam rM^ti.'r 

m f-h-i^mm^tfi\^X}^Kx\-^tmimLxmm 
tih . ^tamcommmm uzmmm 2 1 mmxhh 
(ox-m^-fi. 

[0026] <^jiSM4 >mmm 1 =5rv ^ tmrnm 

X %ts:t^-ifz i? &T(r)%mm<D i a 2 fflco^ ^ ym 

%mm^K^m\ ^timmmm- Yi^m^^h-:ib 
ts:<ty^-yvn,m:mK'%h. ^<Dmm\^m5{z 
-ijtD^^ ymMmm^A i <7^-x:h^^tmjf 
co^^ ymMmm^Aoco-AXjm'?-mii^iimw\co 
niEmmmmmG i , v g o t:irixniEmmMm 
m^c<D\iif]m'¥-^zi^mtm^tix^^^ . ^j:mmm.iE 

MBUnmrnGl. VGOiiKiEmEVs 1. VsO 

V G 0 !i . mmm K^^yr y^mEms.mm^ b 
mmm2m^y^^mm&mmE^ mmm 
3 (omimuui^x mmjEmmmmmFiz^ii^ti 

[0027] zcomm-mmco^m^i^zmimi-t 

^mih^uzx^^A yimmWi^A i o^+x-n^i- 
{zx-nnsNin tmtm&b rmm'^^ztmx^ h x 

th^uzi^^^A y^nrnWi^A 1 om^mji^^iE 
mm.m^^^ b + a^s^ t tzimmMzmsmizd? 

MX^ hi. o^ztj:nXv^h. yimm^^A 0 1-? 
^ V ^0£# S W 5 i -9 X\^tit^^K^-fim mhhi. 

[00 28] -:i^i^z^^mi%^m\W)tm^^h „ 



t§:^A i<r)+xtim'\zmmKitm~th ttuz. 
mmxA 'y^@^#sw3^^3]o#^Tffi^^o^^y^iE 
m^^AQ(n+xinm^izxx}m,min mn-rh. 
ttzmmxA -y^[ilS&sw4^tB0#iT-:tr<7)^-f y 
s^mistiA 1 <7)ai:^mEvout ^ ^lEffljiEiits^c 
i^+A^iSiSi^tEpjD-ri. t i mmxA ^yi-mm 

w 5 ^ fl] 0 #iT ^ y?St:iMtS^A 0 <7)tH:ti« 

[ 0 0 2 9 ] ^ y^ElMtlllA 1 0^7-fe 'y h«JE!fS 

iE*^'!^7L;tti. miA-^mmx-i y^mm^ti^- 
tammtx^A yimmWi^A i ^a^«i#^- f 
M-r t iHiB^tffi^o^ ^ yiwm^Aomy^ -y h 

[00 30 ] &.±tmitzi 0 ^z^c^mmrnxu. 

tI^A<;0^7-fe>yb«J±ISiEL. Zfl^^mzf^^Zt 

^zx-yx^Am^^zmmm^^^-nx^h. i.-yx. 
t-xmzmcfh'^'^mmzhfz xm^-th^^ 
xmmz^y^~y v%m&^\^ozhx%\Mm 
m^x% h . 

[003 1 ] 5>zo:>wm^^^ y^^jvm. 
wmmzmi\^tiM^aMn<7iW^^m^\,z7^-t . n 

fflOAllS^ i: . m(n^-mTh . ( n + 1 ) Mi^^ 

A »tM*M?B A (AO. A 1 - A n ) ifh h -. r:iT 
nii 1 a±0mcc$)^. ^ y^m^wf§S!f At^)-A 

VG (VGO. VGl-VGn) (DtHJim&V s (Vs 

0. vsi -vsn) ti^mn^tix^^^, nmco^Aymw 

mm^A (Al-An) 0+A^STO4^m;MJtEt- 
-SA^mUVin (Vinl -Vinn) fc fgffi€J± fc ^^'iltK 

WfcEPjDT# izt^-oxa 0 . s D 1 fico;^ ^ ym 
EiMtl^A 0 A:^iS7 ti±©m«J± t n ^-v y 

t-^TOAl^'jmjlVin >iWWtEriJDt# J: o 

-^xv^i. tf-imznim^A ymnm^^Acoiiitim 
Evout (vouti -voutn) iimiEmmmm^cco+ 

Xtim-bM&i-^ !±5llS7 i: (CjiKB^tcEPJDt-^ § X 
ol^z^x-oxm. SO l»;^^y^lEiMtI§^AOtfO£iJ 
^«J±ii!KiEffl?l^mtI^co+A:^iS^t nmt^X 

<^iiitsiQ=f- b i^zimmizmmx^ j; 3 t ^ ^ i> „ 

[00 32 ] lcr)miTlinm(7)^ A yiUMm^^AiT) 

tp^-^i-->im^Lx^co^A yimm^^Ai^z-jv^x 

y^A ywmmT^A 0 j \zmm^<^)^ a ymmmA 
<mmwo^\xm § ^i:l> ; t xwm^^zm%m^m% 
^x% h . %M}mii^%~j LtA^ irm^i A ym%m 

[00 33 ] ^tOJ;5 t^7^r-y h^IEO^mt5:l>^ 

A y'mm^^^AfmmhhiSi^hi-^^M-mm.m 
^^ca^yf-x-nmrnx-hh. '^-^xmit^mWim- 
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[0 0 34] 

!> „ ^ 0/i*6»#SmtEH<7)|iM;6^ 1 0 0 "C^jSi -g. i 5 

i^zmnx'^ h „ 

[ 0 0 3 5 ] 2o^0^il:ml'g^*.x^^-fflV^I.|M| 
[0 0 3 6] §^>t{i:. 

x%h(^x\ m%(^mmm-mznmthri-xi^-i. 
s I {zi5uxmfmm<^m±^m>\mzm\-ft ^ t 

mi ] t^i?)^7^r-y vm&<m-i£}i^^mmthfz 



m2 ] ^tO^BjoHSt^J 1 \,zm-fhy^y^ >y bCBEtO 

[03 ] ^(^mmymtmmzm-fh^y'z y vms.<^ 
mE-n^^zwm^-fhm%m^m^<nmmmx'ht. 
[04 ] ^<7^%m(Dmmm3\<zmth^y^ ^ hn&<7) 
mEi^^i,zmLi^^mmmmm^com^mThi. 

[05] zcowM(ommm4izm-t&t7^yhm.j±co 
tmii^^zwm^-tmmM^m^mmmxh i> . 

A {;^^y) j^aiits^ 
lb 

2 b ./^Hl?! 

3 b ffiK 

c iKEffl^i^miif^ 

D ziyi'y^msEn&imm^ 

Id ayfy^ 

2d X-^ .y-t~@jf^ 

3d mi 

SW1-SW5 mw:^-^y^m^ 



[01] 



[02] 




[03] 
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F^-i.(##) 5J090 AA03 AA51 CA02 CAll CAB 
FA17 FNIO HA25 HA29 HA38 
KAOl KA19 K/\32 Km KA34 
KA35 MA13 TAOl 
5J091 AA03 AA51 CA02 CAll CAB 
FA17 HA25 HA29 HA38 KAOl 
KA19 KA32 KA33 KA34 KA35 
MAIO MAB TAOl 



